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Introduction
Mangrove forests are considered ideal ecosystems for Blue Carbon projects; they have large carbon stocks, high deforestation and degradation rates, and provide valuable ecosystem services [1] that complement climate change adaptation strategies [2] . However, some kinds of mangroves do not fulfil the definition of 'forests', and thus cannot be included in mechanisms such as Reduction Emissions from Deforestation and Degradationþ (REDDþ, [3] ). For example, Mexico has defined 'forests' in the United Nations Framework Convention on Climate Change (UNFCCC) as having trees that are at least 4 m in height with 30% canopy cover [3] . The definition of forests in Mexico excludes the scrub mangroves of the karstic regions of the Caribbean [4] and the arid Gulf of California [5] . Additionally, REDDþ only accounts for soil carbon up to 30 cm deep, while in scrub mangroves most of the carbon stock is in deeper organic soil layers [6] . An alternative to REDDþ projects focused & 2018 The Author(s) Published by the Royal Society. All rights reserved.
on avoiding emissions could be suitable and profitable for scrub mangroves, but, to date, no project of this nature has been attempted.
The environmental, economic and social benefits from mangrove rehabilitation and conservation through Blue Carbon projects could be key components in local, national and global climate change adaptation strategies [7] . Beyond the avoided emissions, Blue Carbon projects will provide multiple ecosystem services such as coastal protection, support of fisheries, and improvement of water quality, which are critical to the resilience of coastal zones in developing nations [1] . However, for Blue Carbon projects to be successful, it is essential to assess the potential benefits and limitations in different social, environmental and economic circumstances. For instance, land ownership, environmental justice and social and economic risks are key aspects to be considered for any Blue Carbon project [8, 9] . To date, Blue Carbon projects have been developed in Kenya, India and Madagascar, all of which are focused on rehabilitating degraded mangroves [9] . Few projects have been established where the goal is to avoid emissions from deforestation (conversion from mangrove to nonmangrove) and degradation (loss of carbon in a forest that is not completely deforested; [10] ). However, projects that avoid emissions from deforestation and degradation will have larger net emission reductions and should be much more profitable compared with projects focusing on rehabilitation.
Here, we describe a project in the Gulf of California, Mexico, where the goal is to avoid deforestation and degradation of scrub mangroves. We estimate the potential carbon emissions that can be avoided and outline the ecological, economic, institutional and social conditions of the project. This case study will help to assess the feasibility of Blue Carbon projects of avoided emissions from scrub mangroves in Mexico and other developing nations. We suggest that projects that avoid emissions from deforestation and degradation could provide financial resources to protect and manage mangroves that cannot be included in other emission reduction programmes.
Study site
The Gulf of California is located on the northwest Pacific coast of Mexico (figure 1). The Gulf is considered one of the most productive and biodiverse regions on the planet [11] . The climate is subtropical, semiarid to very arid (Bs, BWh, Koppen classification), with monthly minimum values from 4 to 98C and maximum values from 36 to 408C. Annual precipitation ranges from less than 100 to 900 mm, with the highest rainfall associated with tropical storms [12] . The project includes mangroves distributed over four states: North Baja California, South Baja California, Sonora and Sinaloa (figure 1; electronic supplementary material, table S1).
The Gulf of California has 187 383 ha of mangroves, which account for 24% of the mangroves in Mexico [13] . The mangroves are mainly composed of a narrow strip of seaward fringing stands of Rhizophora mangle, basin mangroves of Laguncularia racemosa and large areas of scrub mangroves (less than 2 m height) in the high intertidal dominated by Avicennia germinans. Mangroves surround tidal creeks and coastal lagoons and are strongly influenced by tidal flows, receiving little or no freshwater inputs, except for groundwater flows [14] .
The Gulf of California region has historically suffered from high deforestation rates (1978 -2010) , with values ranging from 0.2 to 0.5% annually [13] . Deforestation and degradation have been mostly driven by tourism developments in Baja California, and agricultural and urban developments in Sinaloa and Sonora [15, 16] (electronic supplementary material, figure S1 ). In the 1980s, the Gulf of California became the second largest producer of shrimp from aquaculture ponds in the American continent [16, 17] . To date, the Gulf of California is one of the fastest growing regions in Mexico [15] , which has driven urbanization and land clearing for agriculture and aquaculture [16] . For instance, from 2010 to 2015, over 16 000 ha of land was cleared for aquaculture, crops or grazing, and over 17 000 ha for urban development [13] . The intensive development of the region in the past 40 years has caused the loss of over 11 000 ha of mangroves and continues to cause forest degradation [13, 18] (figure 2).
Project concept
The ultimate goal of the project is to secure a socially, economic and environmentally resilient coast in the Gulf of California through avoided mangrove deforestation and degradation. The project aims to: rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180400 obtain funding for ongoing management activities in the protected areas (table 1) .
The project activity consists of avoiding deforestation and degradation by creating conservation areas through federal concessions known as 'Acuerdos de Destino' (Destination agreements). In this form of concession, intertidal land, including marshes and mangroves, can be granted natural resource protection by public agencies [19] .
The mangroves for this project (electronic supplementary material, table S1) were selected conjointly with the Mexican National Commission for Natural Protected Areas (CONANP) by protection priority, capacity for management and certainty of land tenure. Most areas are adjacent to landward concessions that extend 20 m above the high tide mark, which allows for potential landward migration of mangroves. Additionally, the mangroves were strategically selected to avoid leakage, where protection displaces human activities that cause deforestation and degradation within unprotected areas. The concession areas are within or adjacent to a connected network of nine Ramsar sites and three Natural Protected Areas. For more information on project proponents, legislation, community engagement and land tenure, see electronic supplementary material, Supplementary Data.
Carbon pools and greenhouse gas emissions
The ecosystem carbon (C) stocks of mangroves, including trees and soil in the Gulf of California, are 331.0 + The error bars represent a 5% uncertainty in the mangrove area [13] . The proposed project accounts for about 15% of the emissions from mangrove deforestation and degradation in the region.
rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180400 34.8 Mg C ha 21 (see data and methods in electronic supplementary material and [6, 20] ). The project will protect 19.5 million Mg of CO 2 in 16 058 ha of mangroves. In a business-as-usual scenario, annual losses of 56 ha of mangroves and annual degradation of 32 ha are anticipated in the project areas. Assuming 80% of carbon is mineralized once the land is cleared [21] and 20% if the land is degraded [22] , the annual emission from the loss and degradation of these mangroves is 62 201 Mg CO 2 .
To project emissions into the future, we used a model of carbon area and carbon emissions from deforestation and degradation for the region ( [6] , R code stored in https://github.com/cbrown5/MangroveCarbon). The model incorporates the time lag between deforestation and emissions and provides a projection of cumulative emissions. We estimate cumulative emissions of 1.36 million Mg CO 2 for the next 50 years, or 2.84 million Mg CO 2 for the next 100 years (annual deforestation rate of 0.2%, see projections in electronic supplementary material, figure S2 ). The avoided carbon emissions are worth $US 508 500 per year (US$15 per Mg CO 2 in the California market) [23] . Additional C credits could be obtained through CO 2 removals from soil accretion estimated at 0.06 million Mg CO 2 per year [20] . Finally, although uncertain, the project could result in C gains if it is successful at protecting seaward mangroves and facilitates landward migration.
Risks and uncertainty
The project has strong institutional support, financial viability and clear project boundaries (see electronic supplementary material). However, there are risks to consider:
1. Long-term governance: CONANP-Wildcoast will need to create a robust governance structure for operational, legal and financial needs, which must transcend changes in the federal government administration. 2. Changes in land tenure: The land concessions for mangrove protection do not have an expiration date. However, government agencies can revoke them. It is critical to provide environmental education and financial resources through community-based projects to generate long-term support for the conservation areas.
3. Social conflict: Local disputes and criminal activities in the region could threaten the ability of CONANP to monitor and manage the mangroves [11] . 4. Climate and environmental change: The effects of climate change on mangroves are uncertain. The maximum strength of tropical storms may increase in the region [24] . Additionally, urban and agricultural development will indirectly affect mangroves by modifying water flows and increasing salinity, nutrients and pesticides [18, 25] . These risks can be mitigated through enhanced management resulting from the project. For example, activities such as restoring tidal flows after tropical storms have been successfully used in Mexico to maintain and restore mangrove condition [26] .
Conclusion
Despite the low stature of the mangroves in the arid zone of the Gulf of California, which would make them ineligible for inclusion within Mexico's REDDþ programme, their protection and improved management could result in significant avoided CO 2 emissions. The resources obtained from carbon credits could benefit mangrove management and social well-being. Risks to consider are long-term governance, land tenure changes, social conflict and environmental change. Risks can be mitigated by ensuring the strategic allocation of resources and strong community support. Blue Carbon projects, where the goal is to avoid carbon emissions by preventing deforestation and degradation, could provide substantial financial resources, particularly in countries where scrub mangroves may not be included within REDDþ programmes.
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